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Development of new devices for marine biotelemetry: preliminary results 
from visual data storage tags and magnetic field sensor accelerometers 
attached to adult sea turtles 
Nobuaki Arai l ), Mizuki Yoshidal), Wataru Sakamoto2), Yasushi Mitsunaga3), 
Haruhiko Masuda4), Mickmin Charuchinda 5) 
Abstract 
We have challenged to adopt several micro-electronic devices for marine biotelemetry. The devices 
included data storage tags, ultrasonic tags and satellite platform transmitter terminals (PTTs). In this 
paper, we introduced brand-new devices for marine biotelemetry including a magnetic field sensor 
accelerometer tag (MR tag) and a visual data storage tag (CCD tag). We performed the frrst trials of the 
proto-type of the brand-new tags attached to adult sea turtles in Thailand and discussed feasibilities of the 
devices for biotelemetry. 
Keywords: 
data storage tag, CCD, MR sensor, accelerometer, biotelemetry 
Introduction 
Due to drastic development of microelectronics, very sophisticated devices to measure 
behavior of marine lives are available. We challenged to adopt several new microelectronic 
devices in marine biology. The devices included small data storage tags, ultrasonic tags, and 
satellite platform transmitter terminals (PTTs) for red sea breams (Mitsunaga et al., 1999), Adelie 
penguins Pygoscelis adeliae (unpubl. results), the Lake Biwa catfishes Silurus biwaensis (Takai 
et ai., 1997), black rockfishes Sebastes inermis (Arai et aI., submitted), loggerhead turtles Caretta 
caretta (Sakamoto et al., 1997), and green turtles Chelonia mydas (Arai et aI., 2001). These 
techniques were very useful to understand the correlation between environmental factors and 
animal behavior. Based on the successful results, we initiated the development of two types of 
new marine biotelemetry devices. One is a visual data storage tag and the other is a magnetic 
field sensor accelerometer tag. In this paper, the preliminary results of the tests were introduced. 
Materials and methods 
The visual data storage tag was installed with a complementary metal-oxide-silicon charge-
coupled device (CMOS CCD) that took 100 black-and-white pictures with 28000 pixels and 
1) Graduate School ofInformatics, Kyoto University, Kyoto 606-8501, Japan Phone: +81-75-753-3130, FAX: +81-75-753-3133, arai@i.kyoto-u.ac.jp 
2) Graduate School of Agriculture, Kyoto University, Kyoto 606-8502, Japan Phone: +81-75-753-6216, FAX: +81-75-753-6227, sakamoto@kais.kyoto-u.ac.jp 
3) Faculty of Agriculture, Kinki University, Nara 631-8505, Japan Phone: +81-742-43-1151, FAX: +81-742-1316, mittsu@nara.kindai.ac.jp 
4) Alec Electronics Co., Ltd., Kobe 651-2242, Japan Phone: +81-78-997-8686, FAX: +81-78-997-8609, system@a1ec-electronics.co.jp 
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stored them in a 1 mega-byte flush memory. The dimension of the tag is 92 x 40 x 28 mm3, 
weighed ca. 200g in air and ca. 18g in water. It has an IrDA interface to transfer pictures to a 
personal computer. A prototype model has capacity to 100 m pressure and was timer-controlled 
to take pictures every one-hour. A lithium dry cell (CR2, 800mAh) provided enough currents for 
taking over 80 pictures.The magnetic field sensor accelerometer has a magneto;:esistive effect 
(MR) sensor and three accelerometers in it. The MR sensor detects 3D magnetic field to transform 
into 3D direction data. All the signals of the MR sensors and the accelerometers were converted 
by AID converter to 12-bit digital data controlled by a microprocessor inside the tag. The 
dimension is 54 mmcP x 178 mm with ca. 1500g in the air and ca. 1000g in water. Two lithium 
dry cells (3B24TC x 2, 4000rnAh) were equipped to provide ca. 65 rnA for over 60 h. We 
conducted the fIrst field tests of these tags attached to sea turtles in Thailand. 
Our final goal is to develop new tag types applicable to fish tracking. However, the 
prototypes of the tags were too large to be attached on fish. Therefore, we conducted the field 
test of the tags using adult sea turtles in the Sea Turtle Conservation Station belonging to the 
Department of Fisheries of Thai government. The Station was located at the Mannai Island in 
the Gulf of Thailand about 200 km eastward far from Bangkok. The station was founded in 
1972 and was the center for the sea turtle research in the Gulf of Thailand. 
We tested two visual data storage tags (CCD tags) and two magnetic field sensor 
accelerometers (MR tags) attached to two adult hawksbill turtles Eretmochelys imbrieata and a 
green turtle Chelonia mydas (Table 1). We attached the MR tags using polyethylene pedestals 
which bottom were sharpened for the shape of sea turtle carapaces. We glued the pedestals on 
the back of the sea turtles with epoxy resin. The MR tags were bound with some cable-ties. On 
the other hand the CCD tags were attached with both-sides adhesive tape (Figs.1 and 2). 
Table 1. 
Body weight (BW) and carved carapace length (CCL) of sample sea turtles attached with MR tangs (MR) 
and CCD tags (CCD). 

















The sampling rates of the MR tags were every 50 ms. TheCCD tags took pictures every 1 
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Fig. 1 A sample green sea turtle with a MR tag and a CCD tag. 
The upper tag is a MR tag and the lower tag is a CCD tag. 
Fig. 2 A photo of a CCD tag; a: a lithium dry cell rCR2), b: a controller, 
c: a lens, d: a CdS, e: an IrDA interface, f: a window and 
g: a pressure-resistant case. 
h. We released the sample turtles in a seawater 
pond that was a rectangle ca. 200 m x 40 m with 
several meters depth at 12:40 on 13 March 2001 
and recovered them at 13:20 on 15 March 200l. 
We also took pictures under water every 7 minutes 
using an underwater digital camera installed one 
meter below the surface. 
The two MR tags recorded continuous data 
for 48 hours 50 minutes. The data included 3D 
magnetic field and 3D acceleration every 50 IDS. 
3D means surging (X), swaying (y), and pitching 
(Z) directions (Fig.3). The sensor signals were 
Fig. 3 The directions of 3D acceleration 
and magnetic field data. 
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Fig. 4 The data from a hawksbill turtle (H3). (a, b) indicates one-hour data of 3D acceleration and 
magnetic field data . (c) is a power spectrum density of the X acceleration in the analyzing 
period indicating in b. 
converted to 12-bit digital data to be recorded in a 64-megabyte SmartMedia™ inside the tag. 
The data in the SmartMedia TM were downloaded in a personal computer after the experiments. 
Figs.4 and 5 show a one-hour data of all the data logged in the MR tags. Figs. 4a and 5a indicate 
3D magnetic field data. Figs.4b and 5b indicate 3D acceleration data. The magnetic field data 
were normalized ranging from -100 to 100. 
We calculated a approximate direction ( e , degree) of the turtles using X and Y horizontal 
magnetic field data as follows; 
Development of new devices for marine biotelemetry 13 
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Fig.5 The data from a green turtle (G3). (a, b) indicates one-hour data of 3D acceleration and magnetic field 
data. (c) is a power spectrum density of the X acceleration in the analyzing period indicating in b. 
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Results 
Fig.6 shows a direction of H3 from 13:39:40" to 13:46:36". The hawksbill turtle was 
moving to the south with several changes of directions. 
The X acceleration was expected to reflect swimming propulsion powered by turtle flippers. 
We calculated power spectrum density (PSD) of the X acceleration data of the hawks bill turtle 
H3 (Fig.4c) and the green turtle G3 (Fig.5c). Similar frequency ofO.31Hz was found in the both 
spectra. These frequencies were forced by water vibration. The peaks of 1.25Hz in Fig.4c and 
0.86Hz in Fig.5c indicated the flipper beat frequencies. 
Two CCD tags also worked well as we expected throughout the experiment. The CCD tag 
was equipped with a CdS light sensor switch not to put up the shutters in the night since the tag 
had no flush light. Fig.7 is one of scenes of the CCD tag on the green turtle G3. Besides the 
scene was not clear, the small part of the head area was identified. When the turtle looked up, 
her own head came within the range of the CCD tag. The other small object was also identified 
in the scene. We supposed this object was a small fish judging from some similar pictures of 
small fishes taken by the underwater digital camera taking every 7 minutes in the fixed point 
continuously. 
Discussion 
The MR tags were able to take data with high frequency. In the experiments, we took 
every 50 IDS. The high frequency sampling produced an enormous amount of data. The data 
from the MR tags were too large to browse the whole data. We divided all the data into 44-piece 
one-hour period data. The one-hour period data including 6-channel data of 3D acceleration and 
3D magnetic field amounted to ca. 7 -megabyte. It will be necessary to develop a data-analyzing 
tool. Although we are only capable of computing the heading direction as shown in Fig.6, the 
figure is the first result which indicates the swimming direction of the free-range turtle under the 
water. The data will be very important for marine biology to investigate the feeding behavior 
under the water. 
Recently, the acceleration data of free-range marine mammals has been investigated by 
accelerometers including penguins (Yoda et al., 1999, 200 1; Arai et al., 2000) and seals (Davis 
et aI., 1999; William et al., 2000). Our intention is finally to combine the acceleration data with 
the direction of the magnetic field data to estimate a 3D position. The appropriate procedures of 
integration of the acceleration data are under development now. Regarding the PSD of the X 
acceleration, we found interesting frequencies. In the PSD of both the hawksbill turtle and the 
green turtle, the same frequency 0.31Hz was found. We supposed the frequency is vibration of 
the seawater in the pond. The other frequencies 1.25Hz in the hawksbill turtle (H3) and 0.86Hz 
in the green turtle (G3) were also detected. Judging from videotape, these frequencies indicate 
Development of new devices for marine biotelemetry 15 
the turtle flipper frequencies. 
Generally speaking, visual data are very exciting and useful for all the researchers. Davis 
et ai. (1999) reported hunting behavior of Weddell seals beneath the Antarctic fast ice using a 
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Fig. 6 Heading direction of a hawksbill turtle (H3) computed by X and 
Y magnetic field data for ca. 412 s. 
Fig.7 One scene of the CCD tag on the green turtle (03). The small part of the head and a 
small fish were identified in this picture. Objects at the upper right and the lower right 
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hunting in Weddell seals. We agree in this conclusion but we had no small and smart devices to 
be attached on the smaller mammals. Our prototype is relatively small and light enough to be 
attached on the sea turtles; the weight of the CCD tag is only 0.04% of the body weight of the 
smallest sample sea turtle (Table 1). There are several points to improve; one is to change a 
black-and-white CCD into a color CCD; a second is to change a fixed shutter period into a 
programmable period; and a third is to install a flash light. We are now improving all of them 
step-by-step. 
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Conservation and management of straddling stocks 
- Case study on green turtles in the Andaman Sea -
Tohya Yasuda 
Abstract 
United Nation Convention of the Law of the Sea had told that the role of regional 
agencies should be enhanced to manage straddling stocks occurring within the 
exclusive economic zones of two or more coastal States or both within the exclusive 
economic zone and in an area beyond and adjacent to it. The straddling stocks, 
therefore, are managed by consensus among the relational countries, and a program of 
management is determined based on scientific data. All sea turtle species, are listed 
CITES appendix I , and known to migrate more than several hundreds or thousands 
kilometers. The one of threat for sea turtles is incidental catch by fisheries. Although 
conservation and management programs of sea should be developed, little ecological 
information is able to develop them. Therefore, in this study, the biotelemetry system, 
enable to record the animal movement remotely, was developed and applied to the 
green turtle, Chelonia mydas, in the Andaman Sea. The aims of this study are the 
understanding of the habitat use of this species and to propose the legitimate 
protected area for conservation of this species. 
In chapter 1, reviews of the SEASTAR2000 were described. The SEASTAR2000 is 
a cooperative project between ASEAN countries and Japan was reported. Since 2000, 
Kyoto University started the ecological studies of sea turtles in Thailand because of 
the request of the Government of Thailand. Annual workshops were held by 
participants from more than 10 countries. Future plans of this project are highlighted; 
recording of vertical movement of sea turtles, a tracking of migration paths in the 
Andaman Sea and so on. 
In chapter 2, the study site and target species were described. Field experiments of 
this study were conducted in Huyong Island, Thailand. While a nesting of sea turtles 
was generally known to occur in distinct season in each region, female green turtles 
nested throughout the year in Huyong Island. The result from a tagging study 
demonstrated that the variety of nesting season among individuals depend on 
environmental constraint but the fidelity of nesting season of each individual do not 
depend on them. This site was suitable and precious for this study and ecological 
studies. 
In chapter 3, a remote tracking study of migration of green turtles was described. 
From 2001 to 2003, nine female green turtles were tracked using Argos system. This 
system records the movement of sea turtle using polar-obit NOAA satellite. The 
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tracking results showed that green turtles nested in Huyong Island had two migration 
patterns such that migrated to Andama Islands, India and to Phra Tong Island, 
Thailand. Once the tracking turtles arrived at their destination, they stayed there. 
Therefore, the destination may be feeding area of the turtles. Home ranges of the 
turtles were estimated from the location data of Argos system. Core areas of the home 
ranges during nesting period of the turtles existed in 6 km shore buffer areas of the 
nesting site. This moving pattern indicated saving a traveling cost. During feeding 
period, core areas of the turtles existed in 5 km shore buffer sea grass meadow might 
be distributed. It indicated the legitimate protected areas for conservation of this 
species. 
Satellite tracking in chapter 3 provided the large-scale movement of sea turtles. 
However, we cannot understand the vertical movement and the fine-scale movement 
of them because the transmitter of Argos system sends the signal to satellite when at 
only the surface. Therefore, I developed a new technique to reconstruct 
three-dimensional moving path of a turtle. The magneto-resistive acceleration logger 
was used to record body directions and tilt angle of a turtle. And speed logger was 
used to record swimming speeds of a turtle. From these data, moving vectors was 
calculated at interval of 1 second. Estimated errors of vertical movement might affect 
to the paths because we could not attach the logger parallel with body axis completely. 
These errors were adjusted by comparison with the time series of depth profile. 




Chapter 1: Introduction 
1. 1. International conservation and management mechanism of straddling stocks 
including sea turtles 
Straddling stocks occurring within the exclusive economic zones of two or more 
coastal States or both within the exclusive economic zone and in an area beyond and 
adjacent to it are remarked because knowledge of a management plan of these stocks is 
rudimentary. It is generally considered that the most important task of conservation 
and management of biological resources is a decision making on the management 
programs. In the case of straddling stocks, scientific researches are more essential 
because a consensus of the relational countries is needed to detennine the management 
programs among the countries. However, the United Nation Convention of the Law of 
the Sea (UNCLOS) had not told clearly about the management of the straddling stocks. 
Recently, The "UN Implementing Agreement" of the straddling stocks and highly 
migratory species agreement within the UNCLOS (UNIA) adopted in 1995 have lead 
regional agencies to build up to their functions. Higashimura (2000) considered that 
expected functions of the regional agencies were: 
1) Resource management: It means that a realization of the sustainable 
fishery. 
2) Management leader: It is expected that regional agencies perform 
effectively as a center of international fishery agency. 
3) Dispenser of wealth: The regional agency should work as the stage of 
dispenser of wealth. 
A realization of sustainable use including a sustainable fishery is a goal of resource 
management. However there are a very few examples realized sustainable management 
because a real concern of the relational country is the decrease of uncertainty of their 
fishery rather than the number of populations. Although all relational countries assent 
the conservation and management, there are many oppositions among the courtiers 
(Higashimura, 2000). Therefore, to get a consensus of coastal countries and fishing 
countries, the management programs are usually decided based on the population 
dynamics. It is considered that the expected function of management leader is 
elimination of outsiders and holding of the exclusive franchise. But the effect of 
regional agency toward the nonmember has been unknown (Higashimura, 2000). 
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Recently, Community Based Conservation (CBC) is remarked as a new conservation 
and management program among the many countries. CBC is a strategy used 
throughout the world as a means to save wildlife (Hackel, 1998). There is no one 
definition of CBC but it is the commonly seen as having two objectives: to enhance 
conservation and to provide social and economic gains for local people (Campbell, 
2003). The context to which projects are community-based is unknown because 
research on the extent of community support for conservation is lacking (Campbell, 
2003). The goal of true CBC facilitators is to work local people themselves out of a job, 
so the test of success of CBC is whether conservation efforts continue in the absence of 
conservation organizations (Campbell, 2003). Campbell (2003) reported that claims of 
projects being community based need to be carefully considered, and research on the 
extent of support for conservation among communities is needed. 
1. 2. Southeast Asia sea turtle associative research (SEASTAR2000) 
In the ASEAN countries, economic developments are going remarkably. On the other 
hand, the extinctions of wildlife caused by the development are closed up in the world. 
Sea turtle species in the Southeast Asia that are the green turtle (Chelonia mydas), the 
loggerhead turtle (Caretta caretta), the hawksbill turtle (Eretmochelys imbrecata), the 
leatherback turtle (Dermochelys coriacea) and the olive ridley turtle (Lepidochelys 
olivacea) especially are remarked. Trawl shrimp fisheries are the basic industry in the 
ASEAN fishery. It is known that other species including sea turtle species are caught 
incidentally by fishing trawl net (It is generally called by-catch). United States imposed 
an economic sanction; it has been embargo on the import of shrimps caught by the 
fisheries that do not attach the Turtle Exclusive Device (TED), on the ASEAN 
countries in 1997. However, trawl fisheries in the ASEAN countries use small vessel, 
so they cannot manage their fishery using TED. A harmonic management programs 
between fishery and sea turtle species should be proposed, while knowledge of sea 
turtles in the ASEAN countries is rudimentary. Since 2000, ASEAN researchers and 
Japan researchers have conducted SEASTAR2000 project, the South East Asia Sea 
Turtle Associative Research 2000. The objectives of this project are: 
1) Elucidation of the ecology of the sea turtles 
2) Conservation of the sea turtles 





1. 3. Current results and discussion of SEASTAR2000 
One of the major obstacles to study the sea turtle is the lack of adequate information on 
their migration paths and their habitats. Recently, the increased performance and 
miniaturization of satellite transmitter has been preceded the sea turtle tracking. Using 
satellite transmitters, it has been possible to ascertain the postnesting migration routes 
(Balazs et at 1994; Hatase et at 2002). In the SEASTAR2000, many results of satellite 
tracking of adult female turtles have been reported (Shiba et at, 2002; Monanunsapl et 
at, 2002; Kongkiat, 2002). Adult female green turtles were tracked using the satellite 
transmitters in the Gulf of Thailand in 2000 and 2001, and examined the relationship 
between the migration routes and shrimp fishing grounds (Shiba et at, 2002). The 
results show the habitats of female green turtles straddle the EEZ of Thailand, 
Cambodia, Vietnam, Malaysia and Indonesia. They reported that migration routes of 
female green turtles were divided into three groups and considered that there were 
differences between the migration routes and shrimp trawl fishing grounds vertically 
and horizontally in the Gulf of Thailand. It is important to elucidate the functions of 
the each EEZs as sea turtle habitats Naturally, to study on the life cycle of the turtles in 
cooperation with the relational countries is needed. 
The migration tracking using satellite system provides the important 
information on the target species. To understand the further ecology of sea turtles and 
the relationship between various parameters, we have to study the vertical behavior of 
sea turtles and track the fme scale migration paths. Using data loggers, the vertical 
behavior and ecology of sea turtles has been elucidated (Hays et al., 2000; Hays et al., 
2001; Hays et al., 2002; Sato et at, 1998). It is considered that future objective of this 
project is to elucidate the behavior of the turtles in the each EEZs using data loggers 
and the relationship between the behavior and the environments in the EEZs. 
1. 4. Future plans of SEASTAR2000 and the objectives of this study 
On the basis of Chapter 1, three future plans are highlighted: 
1. Tracking and analysis of migration paths of green turtles in the Andaman 
Sea. 
2. Study on the vertical movement of the green turtle. 
3. Planning of the harmonic conservation and management between fishery 
and wildlife, especially sea turtles. 
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In the SEASTAR2000, Shiba et al (2002) analyzed the relationship between fishery 
and sea turtle species using satellite telemetry. However, migration paths of Andaman 
rookery are still unknown. And vertical movement of sea turtles did not be considered 
in past studies in the SEASTAR2000. Therefore, the objectives in this study are to 
track and analyze the migration paths of Andaman green turtle and to record the 
vertical movement of them using cutting edge technology. Finally, I will consider the 





Chapter 2: Reproductive biology of green turtles nested in Huyong Island 
2. 1. Introduction 
Sea turtles have a strong fidelity to their reproductive areas and their feeding areas. 
Once a nesting female has returned to the region of its birth and selected the nesting 
beach, she will tend to res elect the same beach or other beach in relatively close 
proximity during subsequent nesting within that nesting season (Limpus et al. 1984; 
Bijorndal et al. 1985; Limpus et al. 1992; Miller 1997). Adult males and females 
migrate to their feeding areas after their courtships and/or laying eggs. In a feeding 
area, sea turtles accumulate energy for next reproduction. Therefore, it has been 
considered that reproductive interval depend on qualities and quantities of prey items 
in a feeding area (Bijorndal et al. 1980; Miller 1997). When males and females finish 
their preparation for reproduction in a feeding area, they travel to a reproductive area. 
Field observations of a courtship behavior suggest that the courtship generally occur in 
the vicinity of the nesting beach (Owens and Morris 1985; Limpus et al. 1993; 
Klom-in 2002; Hamann et al. 2003). Therefore, a reproductive cycle may be 
determined by some periods (e.g. energy accumulation, traveling from feeding area to 
reproductive area, courtship and egg growth and so on). However, for most nesting 
rookeries of green turtle (Chelonia mydas), which are distributed over the tropical and 
the temperate region worldwide, a nesting occurs in a distinct season, usually in the 
warmest months (Miller 1997; Godley et al. 2001). It was reported that peaks of the 
temporal distribution of the nesting activities were from August to October in Malaysia 
(De Silva 1969), from the middle of April to the beginning of June in Hawaii (Balazs 
1980) and from the beginning of January to the beginning of May in Ascension Island 
(Godley et al. 2001) respectively. However, there are a few nesting beaches where 
green turtles nest through the year. Owens (1980) considered that the timing of 
reproduction in female sea turtles would be determined by factors that eggs are on the 
beach at an optimal time. For example, Godley et al. (2001) reported that the temporal 
distribution of nesting activities related with sand temperature. They reported that there 
were no nesting activities in low sand temperature season. They suggested that turtles 
might have evolved to nest during the time of appropriate sand temperature for hatch. 
Female sea turtles did not know whether their eggs were hatched, however, they 
selected an appropriate nesting season. This report is probably showed that green 
turtles had variations in their reproductive character (e.g. reproductive cycle and 
nesting season). Although knowledge of variations in reproductive characters of sea 
5 
turtles is very important when the evolution and reproductive mechanism of sea turtles 
are studied, it is rudimentary. 
To verify the possibility, nesting survey in the appropriate beach was demanded. In 
Huyong Island, Thailand, nesting female green turtles were observed through the year. 
In Huyong population, variations in a nesting season and/or nesting cycle of green 
turtles probably are needed to nest through the year. Therefore, nesting surveys are 
conducted in Huyong Island from 1996 to 2003. And a possibility that green turtles 
have variations on their nesting season and nesting cycle was examined. 
2. 2. Materials and methods 
Nesting survey was conducted in Huyong Island of Similan Islands in the Andaman 
Sea. The Huyong Island is a prominent nesting site of green turtles in Thailand. Length 
of the nesting beach in the Huyong Island is approximately 800 m. In this beach, 
nesting green turtles were observed through the year. Therefore, we patrolled the 
nesting beach through the year from 20:00 to 4:00 to find the nesting female green 
turtles. Female green turtles were internally tagged with PIT tags and externally tagged 
with inconel flipper tags to identify individuals. Curved carapace lengths (CCL) were 
also measured to the nearest 1 cm during their laying eggs. The PIT tags and the 
inconel tags were read after their laying eggs completely. If turtles failed to nest, 
neither measurement nor identifications were conducted so as not to disturb their next 
nesting. 
The data collected from 1996 to 2003 were analyzed in this paper. In 2003 only, the 
data from January to June were analyzed. Green turtles nesting in the Huyong Island 
took a long term to lay eggs for one their nesting season (1-4 month) because turtles 
divided their laying eggs into several times (1-10 times) at intervals of approximately 
14 days. To analyze their nesting season, we gave an eye to the nesting date when a 
turtle was identified firstly (N) in the nesting season. Some females remigrated to the 
beach at approximately 2 or 3 years later. We also focused on the returned date when 
the female remigrated and nested on the beach (N + 1) in the successive nesting 
season. 
For Ascension Island, Hays et al. (1999) have been described the relationship 
between air temperatures and sand temperatures at nest depth (mean monthly sand 
temperatures eC) = 1.6 + 0.908 mean monthly daily maximum temperature; F (1, 10) = 
498, P < 0.001, r2 = 0.98). In this paper, monthly sand temperature in Huyong island 
were estimated by mean daily maximum air temperature in Phuket Island (7°88N, 




(http://ncdc.noaa.govl),using same equation. 
2. 3. Results 
The monthly number of nests of green turtles in the Huyong Island from January 1996 
to June 2003 is shown in Fig. 2 and Table 2. During the nesting survey, 76 nesting 
turtles and 375 nests included 35 unidentified nests were found. The mean annual 
number of identified turtles was 10.1 (S.D.±6.3) turtles and the mean annual number of 
nest was 51.0 (S.D.±23.8) nests. Female green turtles nested several times at intervals 
of about 14 days during one nesting season. The mean nesting frequency in one nesting 
season was 4.8 (S.D.±0.5) times. Maximum nesting frequency was 10 times. The mean 
inter-nesting interval ranged from 12.9 (S.D.±3.2) to 17.1 (S.D.±ll.l) days. Nesting 
female green turtles were observed through the year in the Huyong Island (Fig. 1). 
Although many females were tended to identify in April and June (Mean 1.3±1.0 
turtles) and a few turtles were tended to identify in November (Mean 0.3±0.5 turtles), 
there were no significant difference of a number of identified turtles for each month 
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Fig.l. Monthly number of nests in Huyong Island, Thailand, from Jan 1996 to Jun 
2003. 
Fifteen identified females returned to the beach during our nesting survey. Table 3 
shows the nesting date (N), the remigration date (N + 1), the postnesting period and the 
difference between the N and the N + 1 of fifteen females, respectively. For example, 
Turtle 3 was identified in 22 April 1997 (N + 1). This identified female nested 5 times 
in this nesting season from 22 April to 11 June. We subsequently found again this 
identified female in 23 April 2001 (N + 1). Therefore, the difference between the 
nesting season and the next nesting season were understood + 1 day (23 April - 22 
April). Only Turtle 2 returned 2 times in 2000 and 2002, respectively. The proportion 
of remigrated females to all identified turtle was 21.1 %. The Mean remigration 
interval was 1130.8 (S.D.±426.0) days. The Mean of differences of nesting seasons 




Although the fifteen females remigrated at not same date, there was a strong 
correlation between the N and the N + 1 (F (1,16) = 108.193, r2 = 0.84, P < 0.0001, 
N + 1 = 6.26 + 0.997 N; Fig. 2) There was a no correlation between the N and the 
differences of N from N + 1 (Spearman's rank correlation p = -0.20, P = 0.4469, n 
= 16, Fig. 4a). There was an also no correlation between the differences of N from 
N + 1 and the postnesting periods (Spearman's rank correlation p = -0.13, P = 
0.6210, n = 16, Fig, 4b). The CCL of females did not relate to the postnesting 
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Fig.2. The relationship between nesting date (N) and remigration date (N+1) of 
fifteen female green turtles nested in Huyong Island, Thailand (F (1,16) = 108.193, 
r2 = 0.84, P < 0.0001, N + 1 = 6.26 + 0.997N). 
2. 4. Discussion 
Preference of nesting season 
There was a strong correlation between the nesting date (N) and the remigration date 
(N + 1) (Fig. 2). Adult female green turtles migrate between their feeding area and 
their reproductive area. The reproductive cycle of female green turtles may be linked 
on qualities and quantities of prey items (Bijomdal et al. 1980; Miller 1997) because 
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females accumulate energy for oviposition in their feeding area (Miller 1997). 
Postnesting period of green turtles which was mainly herbivore were reported 
2.86±0.23 year (Miller 1997). In Huyong Island where green turtles nested through the 
year, the reproductive cycle were also suggested that it differed among female turtles. 
Briefly, the postnesting period of some females that accumulate energy in an optimal 
season was seemed to be short. However, there was no significant correlation between 
the N and the postnesting period (Fig. 3a). In addition, there is also no significant 
correlation between the differences of N from N + 1 and the postnesting period (Fig. 
3b). 
In this study, Turtle 2 and Turtle 3 nested in April 1997. Although it seemed they began 
a preparation for next nesting in the almost same condition, Turtle 2 returned in April 
2000 and Turtle 3 returned in April 2001. As the reason that caused to make the 
difference between 2 females postnesting periods, we suggested that a body size linked 
on an energy accumulation for their reproduction. However, there was no correlation 
between the CCL and the postnesting period (Fig. 3c). These results show that 
available foods of green turtles have little seasonality in the Andaman Sea (Fig. 3a and 
Fig. 3c) and the postnesting period depend on an active season selection of female 
turtles (Fig. 2). Briefly, female green turtles preferred their nesting season respectively 
in Huyong Island (Fig. 2). It means that the nesting cycle of female green turtles is by 
the year and there is no variation in reproductive cycle among females. In addition it 
shows that female green turtles have a variation in their nesting season among 
individuals (Fig. 2). Although green turtles can nest through the year in Huyong Island, 
female turtles fixed their nesting season respectively. Therefore it is clearly shown that 
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Fig.3. a: The relationship between nesting date and difference of N from N+ 1 
(Spearman's rank correlation p = -0.20, P = 0.4469, n = 16). b: The relationship 
between post-nesting period and difference of N from N+ 1 (Spearman's rank 
correlation p = -0.13, P = 0.6210, n = 16). c: The relationship between post-nesting 
period and curved carapace length (Spearman's rank correlation p = 0.09, P < 0.734, n 
= 14) 
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Female green turtles selected their nesting season respectively in Huyong Island, 
but this character was rarely reported in other nesting beaches because the nesting of 
the green turtle has seasonality in the other beaches (Miller, 1997; Sato et al., 1997; 
Godley et aI., 2001; Godley et at, 2002). Owens (1980) considered that the timing of 
reproduction in female sea turtles is determined by factors that eggs are on the beach at 
an optimal time. For example, Godley et aI. (2001) reported that the temporal 
distribution of nesting activities related with sand temperature. They reported that there 
were no nesting activities in low sand temperature season. Therefore turtles may have 
evolved to nest during the time of appropriate sand temperature for hatch. In this study, 
our results have clearly support their consideration. We have shown female green 
turtles have a variation in their nesting season and do not have in their reproductive 
cycle among individuals. And we also showed that the reproductive cycle of green 
turtles is by the year. That is to say, the reason for the nesting seasonality of sea turtles 
is shown that females that selected an inappropriate season (e.g. low sand temperature 
season) were evolved. While, in Huyong Island, sand temperature condition was 
probably appropriate for an egg embryo every month (Fig. 5), so it is considered that 
the nesting is observed through the year now. 
In this study, we considered what a season turtles select. Sixteen female green 
turtles remigrated on the beach for nesting at nearly same date, respectively (Fig. 2). 
This result shows the nesting season of individuals were determined and fixed by their 
first nesting season. We hypothesize two theories on the first nesting season when 
green turtles select. The one is females select their first nesting season randomly. 
Briefly, we considered females nest as soon as they have accumulated energy for a 
reproduction. Godley et ale (2002), however, reported that there were no nesting 
activities of green turtles in low sand temperature season in Ascension Island. Sea 
turtles do not confirm whether their nesting season is an optimal season for a sea turtle 
embryo or not. However, in many nesting beach, female green turtles nest on an 
optimal season for hatch. If female green turtles select their first nesting season 
randomly, seasonality of the nesting activities may have not been observed. The second 
hypothesis is females select a parental nesting season as their first nesting season. A 
nesting female sea turtle has remigrated to the region of its birth and selected the 
nesting beach (Miller 1997). Its parental nesting season is also likely to be inherited as 
well as the nesting site fidelity. 
Local reproductive biology in Huyong Island 




or females can store sperm in vivo, females could nest every season. In this section, we 
have examined the local reproduction of Huyong rookery. 
Freshwater turtle studies reported that the sperm storage tube was found in 12 
species and the freshwater turtles had sperm storage ability (Gist and Congdon 1998; 
Sever and Hamlett 2002). However, in sea turtles, there were some confusion 
concerning courtship into the literature because some of early observations suggest that 
mating for fertilization of subsequent eggs occurred immediately following laying eggs 
and that females stored sperm for several years between reproductive periods (Owens 
et al 1980; Miller et al 1997). Some observations reported that courtship behavior of 
sea turtles occurred around a reproductive area (Owens and Morris 1985; Limpus 
1993; Miller 1997). Although the courtship period appears to be well constrained 
temporally for the individual, appearance of females at the nesting beach is scattered 
over several months (Godley et al. 2001; Hamann et al. 2003). The average period 
from mating to nesting is 34.7 days (Wood and Wood 1980). Although sperm have 
been found adjacent to the vagina and the junction between the magnum and 
aglandular zone, specialized sperm storage areas have not been identified in sea turtles 
(Solomon and Baird 1979; Hamann et al 2003). It is thus generally accepted that 
mating occurs in the month or two just preceding the first ovipositional cycle of the 
season (Limpus et al. 1993; Miller et al. 1997). Therefore, we rejected the hypothesis 
that female green turtles selected a nesting season using sperm storage ability. 
Generally female green turtles do not lay eggs every year (Hirth et al. 1980). 
However, male green turtles may breed every year (Limpus et al. 1993) or every two 
year (Miller 1997). It is unknown that reproductive cycles differ between males and 
females. Male sea turtles are promiscuous seasonal breeder and exhibit scramble 
mate-finding tactics (Limpus et al. 1993; Jessop et al. 1999; Hamann et al. 2003). 
Therefore, competition between males has been recorded in many courtship areas 
(Balazs 1980; Limpus et al 1993; Miller 1997). Jessop et al. (1999) and Jessop et al. 
(2000) proposed that reproductive fitness of a particular male was likely to be 
depended on its status. These reports probably are suggested that fertile males exist 
through the year in the reproductive area where fertile females also exist through the 
year. 
Our results of satellite tracking showed female green turtles migrated and stayed to 
the coast of Andaman Islands or Phra Thong Island after their laying eggs (Fig. 4). 
Green turtles generally were herbivore. Sea glass meadows were expanded around the 
Phra Thong Island coast and Andaman Islands coast, so these area were feeding 
grounds of the females nested in Huyong Island. Similar to many other reports, 
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courtship behaviors of this rookery were observed around Huyong Island (Klom-in 
2002). Traveling costs for a reproduction of the Huyong rookery was seemed very low 
because distances between the reproductive area (Huyong Island) and the feeding areas 
are immediately 650 km (Andaman Islands) and 90 km (Phra Thong Island) 
respectively whereas the Ascension rookery migrated at least 2000 km (Hays et al. 
2002). Briefly, it seems that the low cost helps the Huyong rookery, especially males, 
to migrate easily to the reproductive area as soon as they have prepared their 
reproduction. Such the geographical condition may enable the Huyong rookery to nest 
through the year (Fig. 1; Fig. 5). 
In conclusion, we have clearly shown that female green turtles selected and fixed 
their nesting season. Our result has shown the reason for nesting seasonality of green 
turtles in many other nesting beaches. That is, females which select an inappropriate 
nesting season seem to be culled by the natural selection (e.g. environmental 
fluctuation) because sea turtles become inactive, subsequently dead, as ambient 
temperature is lowed (Spotila et al. 1997) and there is the limit of the thermal tolerance 
range for sea turtle embryos are 25 - 27°Cand 33 - 35°C(Ackerman 1997). In Huyong 
Island, all populations seem to be survived because estimated monthly sand 
temperature was prepared for embryo through the year (Fig. 5). In addition, the 
geographical condition of the Andaman Sea probably helps the populations to survive. 
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Fig.5. Monthly mean sand temperature from 1996 to 2003 predicted using relationship 
between monthly mean maximum air temperature and sand temperature at depth (Hays 
et ale 1999). 
Table 1. The ID of Transmitter, a Kind of transmitter, Attachment date and Carapace 
length of each turtle. 
14 
40 
10 Transmitter Attached Date CCl (cm) 
19278 Telonics ST -18 10 June 2000 119 
18683 KiwiSat 101 5 September 2000 110 
13062 KiwiSat 101 10 June 2001 93 
9784 KiwiSat 101 2 September 2001 101 
9780 KiwiSat 101 3 September 2001 88 
9730 KiwiSat 101 17 September 2001 96 
Table 2. Summary of the result of the nesting survey in Huyong Island from January 
1996 to June 2003. 
Year Identified turtles Nests (Unidentified) Nesting frequencies (No.) Mean intemesting 
(No.) (No.) mean max min interval (d) 
1996 2 36 (27) 4.5 7 2 13.3 
1997 10 53 (3) 5.6 8 3 12.6 
1998 4 29 (3) 5.0 6 4 17 
1999 13 36 (0) 3.9 10 1 25.5 
2000 9 43 (1) 4.7 10 1 17.1 
2001 21 99 (1) 5.1 8 1 14.0 
2002 12 61 (1) 4.8 8 1 14.8 
2003 5 18 13.2 
All 76 375 (36) 4.2 10 15.9 
Table 3. Turtles number, Nesting date, Remigration date, Post-nesting season and 
Difference between nesting date and remigration date of each turtle. 
TLrt.le no. Nesting date (d, rn, y) Rerrigratjon date (d, m, y) Post-nesting peiod (d) Difference (d) 
1 21 Septerrber 1996 23 August 2001 1716 +33 
2 07 April 1997 . 01 April 2000 1009 -6 
01 April 2000 09 February 2002 609 +8 
3 22 April 1997 23 April 2001 1412 +1 
4 20 May 1997 11 May 1999 677 -9 
5 03 June 1997 24 June 2002 1790 + 21 
6 14 Decerrber 1997 19 Noverrber 2002 1801 +25 
7 09 Jaruary 1998 03 March 2001 1069 +53 
8 11 April 1998 04 February 2002 1349 -24 
9 20 April 1999 11 April 2003 1391 -9 
10 30 June 1998 14 June 2001 1025 -16 
11 25 Noverrber 1999 27 February 2003 1071 +94 
12 08 January 1999 01 March 2002 1079 +56 
13 04 March 2000 13 March 2003 1059 +9 
14 06 January 2000 18 February 2002 639 +29 
15 15 Decerrber 2001 15 January 2003 307 +31 
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Chapter 3: Migration paths and home ranges of green turtles in the Andaman Sea 
3. 1. Introduction 
Adult sea turtles are among the largest living reptiles and the only reptiles that perform 
long-distance migration that rival those of terrestrial and avian vertebrate. Sea turtles 
are known to perform long-distance oceanic migrations between disparate feeding 
areas and breeding areas. The results of tagging and telemetry studies demonstrate 
adult sea turtles travel hundreds to thousands of kilometers between feeding areas and 
breeding sites at regular or seasonal intervals. For instance, green turtles nested in 
Ascension Island migrated more than 2000 kilometers to the coast of Brazil. 
In SEASTAR2000, some studies tracked the migration paths of sea turtles (green 
turtle, loggerhead turtle and hawks bill turtle) to know their feeding areas and analyze 
relationships between some parameters of fishery and their habitat (Shiba et al., 2002; 
Monanunsapl et al., 2002; Kongkiat, 2002). However, the migration paths of sea turtles 
distributed in the Andaman Sea are still unknown. 
Home range is utilized for conservation of wild life, while their habitat use remains 
poorly understand. Defining a home range requires the repeated sighting of individuals 
over extended time intervals. Because sea turtles spend 99 % of their lives underwater, 
home range studies require remote telemetry or in-water capture programs that are both 
labor-intensive and extensive. In this chapter, I report the tracking results of the 
migration paths of female green turtles nested in Huyong Island, Thailand in the 
Andaman Sea and analyze a habitat use in the feeding grounds and breeding area using 
the GIS tool form satellite tracking data. 
3.2. Materials and Methods 
Tracking system 
Argos satellite tracking system (Argos, 1996) was used to track migration paths of the 
female green turtle. Argos system is a widely used tool, enabling the movement of a 
large variety of terrestrial, aquatic and aerial vertebrates to be recorded (e.g. Hays et al., 
2002; Hatase et aI., 2002; Shiba et al., 2002). This system uses transmitters (termed 
platform terminal transmitter of PTT) that periodically send a short radio signal to 
polar-orbit NOAA satellites (typically at an interval of around 60s, 360-920 ms, 
401.650 MHz). The location of the transmitter is calculated from the Doppler shift in 
the frequency of the transmissions received by a satellite as it approaches and then 
moves away from the transmitter on a signal overpass. The locations provided by the 




varying accuracy as LC 3, 2, 1,0, A or B. This LC 3, 2, 1 and 0 may be provided only 
when at least four uplinks (means a PTT send a signal to the satellite) are received on 
an overpass. Argos (1996) gave that the estimated accuracy in latitude and longitude is 
< 150 m for LC 3, between 150 and 350 for LC 2, between 350 and 1000 for LC 1 and 
> 1000 m for LC O. Argos is unable to assign a level of accuracy to LC A and LC B. 
Turtles and Analysis methods 
Seven female green turtles nested in Huyong Island were tracked using Argos satellite 
tracking system during inter-nesting period and post nesting period. Transmitters (Kiwi 
SAT 101 and Telonics ST-16; see Shiba et al., 2001) were attached on the carapaces of 
the females by epoxy adhesive after laying eggs completely. Table 4 shows that ID of 
transmitter, Curved carapace length of females, Attachment time, and a kind of 
transmitter of 5 female green turtles that tracked during post-nesting period. Migration 
speeds were calculated form a straight distance between the locations. If migration 
speeds exceed with 5 kmIh (Lusch et al., 1998), we delete the location. 
The locations provided by Argos were analyzed using Arc View version 3.1 
geographic information system (GIS) software (Environmental Research Systems 
Institute; www.esri.comlsoftware/arcview). Home range areas were estimated with the 
minimum convex polygon (Burt, 1943) and the fixed kernel density (Worton, 1989) 
methods using the animal movement analysis extension (US Geological Survey, 
Anchorage, Alaska; www.absc.usgs.gov/glbalgistool/#animal) for the Arc View. 
Minimum convex polygon areas were based on the 100 % outer edges. Fixed kernel 
home ranges were estimated with least square cross validation as a band-width (termed 
a smoothing parameter). A 95 % utilization distribution was used to estimate the over 
all home range used by a turtle, whereas a 50 % utilization distribution was used to 
establish the core area of activity. To estimate the home range areas of female green 
turtles during feeding period, we have to educe the locations during feeding period 
from all sample data. When the tracking turtles arrived the Andaman Island, the 
migration speeds of the tracking turtles were become low. And there are prey item of 
green turtles (e.g. algae) in a shallow area « 10 m). 
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Table 4. Summary of tracking turtle during post nesting period 
ID CCL (em) Tagged Transmitter 
Date 
19278 100 2000/6/10 Kiwisat101 
9730 84 2001/9/17 Kiwisat102 
9784 90·4 2001/9/2 Kiwisat103 
9780 96 2001/9/3 Kiwisat104 
13062 n.d. 2001/6/10 Kiwisat105 
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ID19278 nested in 11 June 2001 and was attached the transmitter (Kiwi SAT 101) on 
her carapace. Tracking duration of this turtle was from 9 June to 7 July (approximately 
28 days). After their laying eggs, ID19278 traveled toward Phra Tong Island where 
located northeastward 90 kIn from Huyong Island during inter-nesting period and 
returned to the nesting beach approximately 14 days. She re-traveled to Phra Tong 
Island and stayed there after inter-nesting period. Total migration distance was 500.5 
kIn. Migration speeds ranged from 0.05 km/h to 4.49 km/h (mean 0.94 ± 1.12). The 
locations provided by Argos system were 15 % of LC 1, 3 % of LC 0, 13 % of LC A 
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ID 9730 nested in 17 September 2001 and was attached the transmitter (Kiwi SAT 101) 
on her carapace. Tracking duration of this turtle was from 18 September 2001 to 23 
19 
January 2002 (approximately 127 days). During inter-nesting period, this female 
stayed around Huyong Island. After their laying eggs, ID 9730 traveled toward 
Andaman Islands, India where located northeastward about 650 km from Huyong 
Island during post-nesting period. Total migration distance was 2866.2 km. Migration 
speeds ranged from 0.03 km/h to 4.96 kmlh (mean 1.49 ± 1.39). The locations 
provided by Argos system were 2 % of LC 3, 9 % of LC 2,8 % of LC 1,20 % of LC 0, 
17 % of LC A and 44 % of LC B (n = 205). 
97~ 00' .,~ 00' 9.,* 00' 
14* 00' 14* 00' 
/1 } 7 Andaman Islands 
f{ 13* 00' 13~ 00' 
12* 00' 12* 00' 







¢ Nicober Islands 
(~ 
\J 
93* 00' 94* 00' 95* 00' 96" 00' 97" 00' 9S" 00' 99" 00' 
Fig. 8. Migration Path of ID 9784 during post-nesting period 
ID 9784 
ID 9784 nested in 2 September 2001 and was attached the transmitter (Kiwi SAT 101) 
on her carapace. Tracking duration of this turtle was from 3 September 2001 to 14 
October 2002 (approximately 41 days). After the attachment, ID 9784 traveled toward 




Island. Total migration distance was 1720.1 km. Migration speeds ranged from 0.12 
kmlh to 4.96 kmlh (mean 2.15 ± 1.27). The locations provided by Argos system were 
7 % of LC 3,4 % of LC 2, 14 % of LC 1,9 % of LC 0, 24 % of LC A and 42 % of LC 
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Fig. 9. Migration Path of ID 9780 during post-nesting period 
14~ 00' 
ID 9780 nested in 3 September 2001 and was attached the transmitter (Kiwi SAT 101) 
on her carapace. Tracking duration of this turtle was from 4 September 2001 to 23 
November 2001 (approximately 79 days). After their laying eggs, ID 9780 traveled 
toward Andaman Islands, India where located northeastward about 650 km from 
Huyong Island during post-nesting period. Total migration distance was 1919.1 km. 
Migration speeds ranged from 0.01 km/h to 4.93 kmIh (mean 2.09 ± 1.22). The 
locations provided by Argos system were 4 % of LC 3, 9 % of LC 2, 13 % of LC 1, 
6 % of LC 0, 25 % of LC A and 43 % of LC B (n = 399). 
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Fig. 10. Migration Path of ID 13062 during post-nesting period 
ID 13062 
ID 13062 nested in 17 September 2001 and was attached the transmitter (Kiwi SAT 
101) on her carapace. Tracking duration of this turtle was from 18 September 2001 to 
23 January 2002 (approximately 127 days). During inter-nesting period, this female 
stayed around Huyong Island. After their laying eggs, ID 9730 traveled toward 
Andaman Islands, India where located northeastward about 650 Ian from Huyong 
Island during post-nesting period. Total migration distance was 2866.2 Ian. Migration 
speeds ranged from 0.03 kmJh to 4.87 km/h (mean 1.18 ± 1.27). The locations 
provided by Argos system were 1 % of LC 3,3 % of LC 2, 7 % of LC 1,2 % of LC 0, 




A home range during Inter-nesting period 
I tracked 5 female green turtles during inter-nesting period using Argos system (Table 
5). Home ranges of the 5 female green turtles during inter-nesting period were 
estimated using the fixed kernel density method of Animal movement extension for 
Arc View 3.1. ID 9730 was tracked from 17 September 2001 to 4 November 2001 (48 
days). The number of data was 43 plots. An area of home range of ID 9730 was 56.2 
km2 for the 95 % probability and 11.6 km2 for the 50 % probability. ID 9729 was 
tracked from 30 July 2001 to 24 August 2001 (25 days). The number of data was 33 
plots. An area of home range of ID 9729 was 18.0 km2 for the 95 % probability and 5.1 
km2 for the 50 % probability. 
Table 5. Individual number, start time of tracking, end time of tracking, a tracking 
duration, sample number, a home rage area of 95 % probability and a home range area 
of 50 % probability of female green turtles during inter-nesting period. 
ID Track strat Track end Duration n 95% 50% 
36893 2002/11/19 2003/1/2 44 111 405.58 102.96 
9730 2001/9/17 2001/11/4 48 118 69.49 14.29 
31403 2003/3117 2003/3/26 9 43 16.58 9.24 
9729 2001/7/30 2001/8/24 25 33 22.31 6.32 
24438 2002/3/7 2002/4/12 36 85 157.22 28.29 
19278 2000/6/9 2000/6/23 14 17 2715.7 388.1 











Fig. 11. A home range of ID 9730 and 9729. The home range was estimated using a 
fixed kernel density using Animal movement extension for Arc View 3.1. Shore buffer 




Fig. 12. A home range of ID 36893 and 31403. The home range was estimated using a 
fixed kernel density using Animal movement extension for Arc View 3.1. Shore buffer 
lines were written at interval of 2 km from the Islands. 
ID 36893 was tracked from 19 November 2002 to 2 January 2002 (44 days). The 




the 95 % probability and 83.2 km2 for the 50 % probability. ID 31403 was tracked 
from 17 March 2003 to 26 March 2003 (9 days). The number of data was 33 plots. An 
area of home range of ID 9729 was 34.6 km2 for the 95 % probability and 7.6 km2 for 
the 50 % probability. ID19283 was tracked from 10 July 2001 to 23 July 2001 (13 
days). The number of the data was 17 plots. This turtle migrated to Phra Tong Island 
where located northeastward about 100 km during inter-nesting interval. An area of 
home range of this female was 2715.7 km2 for the 95 % probability and 388.1 km2 for 
the 50 % probability. Because ID19782 returned the nesting beach at 2 years later, I 
attached the transmitter to this turtle (ID 24438; see the Table 5). However ID24438 
did not traveled to Phra Tong Island during inter-nesting period. This turtle spent 
around the nesting site. An area of home range of this female was 157.22 km2 for the 
95 % probability and 28.29 km2 for the 50 % probability. 
Except the ID 19283, 5 turtles spent around the nesting site during inter-nesting 
period. Therefore, a homes range was estimated by the 4 turtles data. An area was 
107.67 km2 for the 95 % probability and 21.16 km2 for the 50 % probability. 
lOkm 
~ 
Fig. 13. A home range of ID 19278 (left) and an expanded home range of ID 19283 
(right). The home range was estimated using a fixed kernel density using Animal 
movement extension for Arc View 3.1. 
25 
Fig. 14. A home range of ID 24438. The home range was estimated using a fixed 
kernel density using Animal movement extension for Arc View 3.1 . 
.. 
Fig. 15. A home range of 5 turtles. The home range was estimated using a fixed kernel 
density using Animal movement extension for Arc View 3.1. Shore buffer lines were 




During inter-nesting period, female green turtles are known that they do not feed 
because there were few prey items around the nesting site (Hays et al., 2002). 
Therefore, optimal strategy of the nesting female green turtle was known to rest at the 
seabed near the nesting site (Hays et al, 2002). The results of this chapter show that 
nesting female green turtles stay near the nesting site and did not travel far away 
during inter-nesting period. However, ID19278 did not spend around the nesting site 
during inter-nesting period. This turtle migrated to Phra Tong Island where located 
northeastward about 100 km. Coast of Phra Tong Island, sea glass meadow was 
expanded. ID19278 might travel to feeding area during inter-nesting period because a 
coast of Phra Tong Island exists near by the nesting site compared with the Andaman 
Island (Fig. 6). Because ID19278 traveled to other place, the home range area of ID 
19278 was large. ID19782 returned the nesting beach at 2 years later, and I attached 
the transmitter to this turtle (ID 24438; see the Table 5). However ID24438 did not 
traveled to Phra Tong Island during inter-nesting period. It may mean that female 
turtles have some moving pattern. Shortly, This turtle probably selected their migration 
pattern by environmental factor (e.g. ocean current). 
For other 5 turtles, core areas of each female turtle contained 6 km shore buffer area, 
and a home range area that was estimated by 5 turtles data contained 7 km shore buffer 
area (Fig. 14). This result shows that a legitimate marine protect area for the nesting 
sea turtle conservation is the 7 km shore buffer area because ID19278 did not use 
around the nesting site during inter-nesting period. 
A home range during feeding period 
I tracked 6 female green turtles during feeding period using Argos system (Table 6). 
Home ranges of the 6 female green turtles during feeding period were estimated using 
the fixed kernel density method of Animal movement extension for Arc View 3.1. Hays 
et ale (2002) tracked 5 female green turtles nested in Ascension Island during post 
nesting. They reported that none of the turtles traveled directly to its fmal destination 
but, instead, there were extended (up to 792 km) movements along the coast after the 
oceanic crossing. Also in this study, some female green turtles did not traveled directly 
to its fmal destination and they moved to its fmal destination after arrival on Andaman 
Islands (see the results of migration tracking). Therefore, I defmed the start of feeding 
period as the arrival date in the coast of Andaman Islands. 
Feeding period of ID9730 was 15 November 2001 to 23 January 2002 (69 days). The 
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number of data was 57 plots. An area of home range of ID 9730 was 1042.4 km2 for 
the 95 % probability and 181.6 km2 for the 50 % probability. Feeding period of 
ID13062 was 26 June 2001 to 16 October 2001 (112 days). The number of data was 
176 plots. An area of home range of ID 13062 was 337.6 km2 for the 95 % probability 
and 29.3 km2 for the 50 % probability. Feeding period ofID9780 was 25 October 2001 
to 23 November 2001 (29 days). The number of data was 58 plots. An area of home 
range of ID 9730 was 97.7 km? for the 95 % probability and 19.7 km2 for the 50 % 
probability. Feeding period of ID9784 was 17 September 2001 to 14 October 2001 (27 
days). The number of data was 39 plots. An area of home range of ID 9730 was 270 
km2 for the 95 % probability and 73.7 km2 for the 50 % probability. Feeding period of 
ID18683 was 24 September 2001 to 5 October 2001 (11 days). The number of data was 
8 plots. An area of home range of ID 18683 was 80.1 km2 for the 95 % probability and 
20.2 km2 for the 50 % probability. Feeding period of ID24438 was 24 September 2001 
to 5 October 2001 (11 days). The number of data was 8 plots. An area of home range of 






Fig. 16. A home range of ID 9730 (left) and an expanded home range of ID 13062 
(right). The home range was estimated using a fixed kernel density using Animal 




Fig. 17. A home range of ID 9780 (left) and an expanded home range of ID9784 (right). 
The home range was estimated using a fixed kernel density using Animal movement 
extension for Arc View 3.1. 
Fig. 18. A home range of ID 18683 (left) and an expanded home range of ID24438 
(right). The home range was estimated using a fixed kernel density using Animal 
movement extension for Arc View 3.1. 
The results show that female green turtles may have their feeding ground respectively 
and female green turtles during feeding period also do not migrate far from their 
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feeding ground once they arrive their nesting beach. And the home ranges existed in 10 
kIn shore buffer area. The sea grass meadows may not extended more than 10 kIn from 
the coast. This result indicated that the adequate protect area is 10 km shore buffer area 
form the coast. However, female turtles did not directly travel to its final destination. In 
this regard extended along shore movement increase the chances of turtles entering un 
protected coastal areas and so are likely to raise their probability of capture because the 
core areas of each turtle exist in the 5 km shore buffer area from the area. Shortly, in 
my result, the short movement along the shore included. The home range areas of 
green turtles during feeding period may indicate the areas of sea grass meadows. 
However, we cannot elucidate this hypothesis because we have to use the more 
intimated geographic data (e.g. remote sensing data) to confirm a turtle stay at the sea 
grass meadows. 
Table 6. Individual number, a tracking period, a tracking duration, sample number, a 
home rage area of 95 % probability and a home range area of 50 % probability of 




















































Chapter 4: A new technique for a reconstruction of a three-dimensional moving 
path of the green turtle by cutting edge date loggers 
4. 1. Introduction 
A satellite tracking provide a horizontal movement and a macro scale movement of 
aquatic animals. However, we also to analyze a micro scale movement and a vertical 
movement to conserve the aquatic animals. Data logger studies enable to record the 
vertical movement and the micro scale movement of aquatic animals. In this chapter, I 
developed a new technique for an reconstruction of a three-dimensional moving path 
of the green turtle using cutting edge data loggers. 
The green turtle (Chelonia mydas), listed as an endangered species on the IUCN red 
data book, has been recognized as a conservative species in many .countries. 
Traditionally, to conserve the turtles, many studies were conducted on a nesting site 
investigation to elucidate their ecology and the biotelemetry also contributed to these 
studies undoubtedly. For example, long or short distance migrations between 
reproductive sites and feeding sites were founded using satellite telemetry in their 
habitats (Hays et ale 2001; Hatase et ale 2002). In the study using data loggers, Eckert 
et ale (1989) reported that leather back turtle (Dermochelys coreacea) dived more than 
1,000 m. Recently, Minamikawa et ale (2000) reported that the lung air was used to 
achieve neutral buoyancy in loggerhead turtles (Caretta caretta). Although it is very 
important to analyze the behavior of the turtle spatiotemporally for understanding 
marine turtles, a recording method of a three-dimensional diving path of the sea turtles 
does not development. Sea turtle researchers who used data loggers depended on 
time-depth series data logger (Eckert et ale 1989; Minamikawa et ale 2000). But only 
time-depth-series data cannot result a real moving track of aquatic animal. In this paper, 
we introduce the new data logger to record a magnetic field and acceleration. We tried 
to calculate a body direction and tilt angle of the green turtles by this data logger and to 
illustrate a three-dimensional diving path of the turtle. 
4. 2. Materials and Methods 
Data loggers 
To measure a three-dimensional diving path of green turtles, we developed two types 
of data loggers (Fig. 1). A Magneto-Resistive (MR) logger has two types of sensors, 
which are the MR sensor and acceleration sensor. The MR sensor records a surging and 
a swaying magnetic field (Fig. 2). And an acceleration sensor records a surging 
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acceleration and a swaying acceleration (Fig. 2). The MR logger has a memory of 64 
MB (5,760,000 data) and is programmed to record the data at an interval ranging from 
5 ms to 1 min. The range of measurement and resolution were, respectively, ± 2 Gauss 
and ± 1 % FS (magnetic field) and ± 98 m/s-2 and ± 0.2 % FS (acceleration). The 
instrument was diameter 40.8 mm in diameter, 300 mm in length, and weighed 320 g 
in water. 
A CCD logger has a color CMOS sensor to record 28,000 pixels photograph. A 
sampling interval is four photographs per 1 hour. The logger 
has a memory of 1 MB (80 photographs). A light sensor is equipped with the CCD 
logger only take photo in the daytime because the logger does not have a flash unit. 
The instrument was 92 mm in length, 40 mm in width, less than 28 mm in height, and 
weighed 155 g in water. 
Swimming speed and depth were monitored using speed-depth-temperature (PDT) 
logger (UWE-200PDT; 13 g in water, 20 mm in diameter, 90 mm in length, Little 
Leonardo Co., Ltd), simultaneously. 
Field experiments 
Experiments were conducted on the nesting beach at the Huyong Island of Similan 
Islands (8.28°N, 97.38 °E) in the Andaman Sea from May 15 to May 31, 2003. The 
Huyong Island is a desert island. But it has a prior nesting beach of green turtles in the 
SimHan Islands. The length of the nesting beach is approximately 800 m and the beach 
is protected by the Royal Thai Navy. All nesting turtles landed on the beach are 





Fig.19. Photos of a MR logger and a CCD logger. The photo (a) is MR logger and the 
photo (b) is CCD logger. 
roots of both flippers and inconel tags. Generally, green turtles lay eggs several times 
on same beach at approximately 2-week intervals during one breeding season. 
Therefore, if we attach the data loggers to a turtle at fIrst or second nesting, we can 
recover the data loggers from the turtle at next nesting. 
Night patrol was conducted from 8:00 PM to 4:00 AM to fmd female green turtles 
landed on the beach for nesting. The data loggers were attached on the carapace of the 
nesting female green turtle (Curved carapace length 100.0 cm) after the turtle laid eggs. 
First we attached two wooden pedestals on the carapace of the turtle using epoxy resin. 
We used the pedestals to attach the MR logger parallel to body axis of the turtle, and 
the pedestals played a role as float. Second, the MR logger (sampling frequency 10 Hz) 
was attached on the pedestals using cable ties. The PDT logger (sampling frequency 1 
Hz) was attached beside the MR logger using epoxy resin. The CCD logger was 
attached on the front of carapace of the turtle using epoxy resin. We obtained the data 
from the turtle when the turtle subsequently returned to the beach. 
Body direction 
Fig. 3 shows normalized outputs of the MR sensor. The normalized outputs were 
ranged from -100 to 100. When the sensor was held horizontally and was rotated 
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clockwise from the north direction, responses of the surging and swaying magnetic 
field recorded by the MR sensor showed the cosine (surging) and sine (swaying) 
functions. We calculated the horizontal body direction (,,1) using this relationship 
between surging magnetic field (x) and swaying magnetic field (y) as the following 
Equation 1. 
90 (x = O,y > 0) 
270 (x = O,y < 0) 
81 = 180 + atan(y / x)* 180/ TC (x < 0) (1) 
atan(y / x) * 180/" (x>O,y>O) 
360 + atan (y / x) * 180/ TC (x>O,y<O) 
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,/"P;" 
E._ .... ~ .. -.. ~\."'; ... _ ...... , ..~ .... "W"<'-:1:;'~ 




Fig.20. Schematic diagram showing the direction of surging and swaying geomagnetic 
and acceleration recorded by a data logger on the carapace of a green turtle (black bar). 
Data for surging acceleration were converted to tilt angles. Data for surging and 






















Fig. 21. Normalized outputs of MR logger when the logger was held horizontally and 
rotated clockwise from the north. 
Tilt angle 
The acceleration sensor along the body axis of an animal is affected by both forward 
movement s of an animal and gravity (Yoda et ale 2001; Tanaka et ale 2001). We found 
the peak at 0.36 Hz. We considered that this peak indicated a flipper movement 
frequency of the turtle. Moreover, we found high frequency variations ranged from 0.2 
Hz to 0.4 Hz in the surging acceleration recorded to be caused by flipper movement. 
These frequencies were filtered out using a 0.2 Hz low pass filter (IFDL Version 3.1; 
Wave Metrics, Inc., USA; Tanaka et ale 2001) to get the tilt angle. When the animal is 
still or moving at constant speed, the gravity vector (g = 9.8 ms-2) will change in 
response to the tilt angle (Tanaka et ale 2001). Therefore, we calculated tilt angle (,,2) 
of the turtle using lowpass filtered surging acceleration (A) as the flowing Equation 2. 
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Fig. 22. Frequency response and expanded time-series of surging accelerations of the 
turtle for a typical diving. The Upper graph shows frequency response of surging 
acceleration and low pass flltered surging acceleration. The lower graph shows 
expanded time-series of depth, surging acceleration and low pass flltered surging 
acceleration, which showed tilt angle of the turtle. 
We tried to attach the MR logger parallel to body axis of the turtle using the two 
wooden pedestals. However, it was difficult to put the MR logger exactly parallel to 
the body axis of the turtle. Therefore, it was necessary to correct an initial error of the 
tilt angle calculated from the surging accelerations. As described by Sato et ale (2003), 
initial error of the tilt angle can be corrected by the comparison between a dive profile 
measured by depth sensor and calculated dive profile by several adjustment tilt angle. 
Therefore, we corrected the initial error of the tilt angle by this method. 
Horizontal moving paths 
Horizontal moving paths of the turtle, which are longitudinal moving distance (dl) and 
latitudinal moving distance (d2), was calculated from the body direction (,,1), tilt angle 

















dl =V * COS(e2) * COS(et) 
d2 =v * COS(e2) * since}) 
4. 3. Result and Discussion 
(3) 
(4) 
We analyzed the data from May 21 to May 23,2003. The turtle conducted a continuous 
dive. The mean maximum depth of dives was 13.88 m. The mean dive duration of 
dives was 18.17 min. The mean rate of bottom time (bottom time per dive duration) 
was 0.35 % (n = 95). 
The data presented in Fig. 5 describe a typical dive of the turtle. Dive duration was 
710 second. Maximum dive depth was 15.20 m. Mean swimming speed was 0.81 m 
per second. Fig. 6 shows horizontal moving path and relationship between swimming 
direction and diving depth. The turtle descended northwestward and ascended 
southwestward during this dive. The turtle maintain its direction relatively constant 
during this dive. Therefore, we illustrated the three-dimensional diving path of the 
turtle by direction and swimming speed data (Fig. 7). However, the illustrated moving 
path of the turtle may be affected by ocean current because the PDT logger measured a 
swimming speed using propeller. Therefore, an estimating error that could affect the 
accuracy of the calculation of the turtle was accumulated in the moving path. Davis et 
ale (2001) and Mitani et ale (2003) adjusted the accumulation of the errors of the 
three-dimensional diving path of seals using "dead reckoning" methods. However, we 
cannot apply this method to adjust the accumulation of errors because a start position 
of dive of sea turtles differs from a goal position of the dive. To adjust the 
accumulation of errors of the diving track, it is very important to get positional 
information of diving turtle. Now we are developing the Argos transmitter equipped 
with GPS sensor for sea turtle study. So we will adjust the accumulation error of diving 
path of the turtle using GPS position in the near future. 
Three-dimensional analysis by the MR logger will gratefully contribute to the 
studies on behavior of sea turtles. For example, we know that a sea turtle lay eggs on 
the beach and migrate between the fixed feeding area and fIxed nesting area. However, 
the ability to fmd the nesting beach and feeding area is still unknown. A body direction 
of the turtle measured by the MR logger will contribute to elucidate this ability. 
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Traditionally, migration paths of sea turtles were studied using satellite telemetry 
(Hays et al. 2001; Hays et al. 2002; Hatase et al. 2002). However, when detailed 
aspects of satellite tracking data are considered, such as speed of travel and small-scale 
movements of sea turtles, then location accuracy is likely to become a important issue 
(Hays et al. 2001). In sea turtle study, a high proportion of locations may be of low 
quality because a signal from a transmitter uplinks to the satellite when a turtle swim at 
sea surface only. The MR logger tracking will become a solution for this problem. MR 
logger can track a migration path of the turtle continuously. A recording time of the 
MR loggers, however, are limited due to their battery. Therefore, our future plan for is 
to track more detailed migration paths of turtles all through the inter-nesting intervals. 
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Fig. 23. Expanded time-series of depth, tilt angle, body direction and swimming speed 







Fig. 24. Horizontal moving path for typical 1 dive of the turtle determined by the body 
directions and swimming speeds 
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Fig. 25. Three-dimensional moving paths for typical 1 dive of the turtle determined by 




Chapter 5: Discussions 
A one of the threats that sea turtles are confronted is incidental catch by shrimp trawl 
fisheries. A technological solution to separate turtles from shrimp trawl net was 
available by early 1980s. A Turtle Excluder Device (TED) incorporates a trap door in 
the trawl, just before the cod-end, to allow sea turtles to escape from the nets (Siedel 
and McVea, 1982). The TED probably decreases the mortality of the adult turtles and 
increases the breeding rate. The other threat is lowness of survival rates of juveniles and 
hatchlings. Almost past conservation programs are concentrated to increase the survival 
rate of juveniles and hatchlings (Crowder et aI., 1994)). They reported that TED is more 
effective compared to the past conservation programs. But we consider that the TED is 
not effective in Gulf of Thailand, because the habitats of the green turtles differ from the 
shrimp trawl fishing grounds vertically and horizontally. We will have to research about 
other areas and other species continuously_ 
In chapter 3, I tracked migration paths of female green turtles nested in Huyong 
Island in the Andaman Sea. The results of satellite tracking study show that female 
green turtles migrated from the Huyong Island, Thailand to the Andaman Islands, India. 
The Andaman Islands are provably feeding grounds of female green turtles nested in the 
Huyong Island. And the results show that they straddled the EEZ of some countries 
(Thailand, India and Myanmar). It indicates that cooperation among relational countries 
is needed to conserve this popUlation. In This chapter, I estimated the home range areas 
of the female green turtles during inter-nesting period and feeding period. The home 
range area of female green turtles during inter-nesting interval was 107.7 square 
kilometer and the core area was 21.2 squarer kilometer (n = 300; 5 turtles). And this 
home range area included a 7 km shore buffer area. This result shows that a legitimate 
marine protect area for a conservation of the nesting females is the 7 km shore buffer 
area. The results of home range analysis in the feeding ground indicated that female 
green turtles have their feeding ground respectively and they do not migrated far from 
their feeding ground once they arrived there. These home range areas may indicate the 
sea grass meadows. Because the home ranges existed in 10 km shore buffer and core 
areas existed in 5 km shore buffer. It indicated that turtles use shallow waters as habitat. 
However, we have to use more intimated geographic information to confirm this 
hypothesis. Remote sensing data was very utility data for this analysis. Therefore, the 
future plans of this study is to adapt the remote sensing data to elucidate the habitat use 
of the green turtle in the feeding ground. 
In chapter 4, I develop a new method for a reconstructing a moving path of the green 
turtle using data loggers. A satellite tracking provide a horizontal movement and a 
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macro scale movement of aquatic animals. However, we also have to analyze a micro 
pattern and a vertical movement of aquatic animal to conserve them. Three-dimensional 
moving paths of the green turtle were reconstructed by a MR logger and a PDT logger. 
However, the reconstructed paths may be affected by environmental effects (e.g. ocean 
current) because the PDT logger measured a swimming speed using propeller. Therefore, 
an estimating error that could affect the accuracy of the calculation of the turtle was 
accumulated in the moving path. To adjust the accumulation of errors of the diving track, 
it is very important to get positional information of the diving turtle. 
Three-dimensional analysis by the MR logger will gratefully contribute to the studies 
on behavior of the sea turtle. For example, sea turtles are known to migrate between 
fixed nesting sites and fixed feeding grounds. However, the ability to find the nesting 
beach and feeding areas is still unknown. A body direction of the turtle measured by the 
MR logger will contribute to study on this ability. 
Many conservation programs of a management nesting beach and eggs in Similan 
islands (Winai, 2002), an educational programs for local children and tourists (Aureggi, 
2002) and an ecotourism in Mannai islands (Okuyama et al., 2002) are reported in the 
SEASTAR 2000 workshop. For example, the Phuket Marine Biological Center (PMBC) 
has conducted a head starting to increase the survival rate of young turtles since 2002. 
The PMBC has released 300 juvenile inserted microchips to their flippers from the 
Similan islands. Ecotourism is expected as a one of sustainable conservation programs 
recently. In SEASTAR2000, Okuyama et al. (2002) have begun to research since 2002 
for tourists to Mannai Islands. New conservation programs that are ecotourism and head 
starting are expected to increase conservation effect and to realize sustainable 
conservation. But there are very few successful examples of the new conservation 
programs, because many studies neglect local cultural background and the ecology of 
sea turtles, i.e. consumptive use of sea turtles and frenzy period during hatchlings. It is 
consider that sustainable conservation and management including consumptive use is 
realized by integration and harmonization of socioeconomic, cultural and scientific 
studies. To realize them, much information is needed, and we have to share the 
information effectively with relational countries and open the information to any 
countries and peoples using computer technologies to enhance cross-cultural 
communication - for example, many peoples communicate to their community 
members from foreign countries using database and web pages by web server and 
newsletters bye-mail recently. And we have to use the results of SEASTAR2000 
effectively for the conservation programs. For example, If we construct the marine 




turtles and fisheries. The results of home range analysis showed that a legitimate marine 
protect area of green turtles was 6 km shore buffer area in Huyong Island. The results 
show that female green turtles may have their feeding ground respectively and female 
green turtles during feeding period also do not migrate far from their feeding ground 
once they arrive their nesting beach. And the home ranges existed in 10 km shore buffer 
area. The sea grass meadows may not extended more than 10 km from the coast. This 
result indicated that the adequate protect area is 10 km shore buffer area form the coast. 
However, female turtles did not directly travel to its final destination. In this regard 
extended along shore movement increase the chances of turtles entering un protected 
coastal areas and so are likely to raise their probability of capture because the core areas 
of each turtle exist in the 5 km shore buffer area from the area. Shortly, It means 
scientific data help us to construct the legitimate conservation programs. 
43 
Acknowledgements 
I grateful thank Prof. Tetsuro Sakai, Prof. Kazuyuki Moriya, Prof. Wataru Sakamoto and 
Prof. N obuaki Arai for their giving the chance to practice this study, helpful comments 
and encouragement. I also thank Prof. Keiji Wasio for his good comments. I thank Dr. 
Hideji Tanaka for his comments. I thank Dr. Kongkiat Kittiwattanawong and Capt. 
Winai Klom-in for their help to field work in Thailand. I thank staff of Phuket Marine 
Biological Center and Royal Thai Navy who supports field experiments. This study was 
partly supported by a Grant-in-Aid for Scientific Research (13375005, 12556032 and 
14560149) and Information Research Center for Development of Knowledge Society 




Aureggi, M., Chantrapomsyl, S., 2002. Is a long term educational programme effective 
to prevent extinction? 3rd SEASTAR2000 workshop abstract, 34 pp. 
Ackerman, R. A. (1997) The nest environment and the embryonic development of 
sea turtles. In: Lutz, P. L., Musick, J. A. (ed) The biology of sea turtles. CRC press, 
Boca Raton, FL, pp 83-106. 
Balazs (1980) Synopsis of biological data on the green turtles in Hawaiian Islands. U. S. 
Dep. Commer. NOAA Technical Memorandum. NMFS-SEFSC-7. pp141. 
Balazs, G.H., Craig, P., Winton, B.R., Miya, R.K., 1994. Satellite telemetry of green 
turtles nesting at French Frigate Shoals. Proceeding of 14th Annual Symposium on 
Sea Turtle Biology and Conservation. 3-5. 
Bijomdal, K. A. (1980) Demography of the breeding population of the green turtle, 
Chelonia mydas, at Tortuguero, Costa Rica. Copeia. 1980,525 
Bijorndal, K. A., Carr, A., Meylan, A. B., Mortimer, J. A. (1985) Reproductive biology 
of the hawks bill Eretmochelys imbricata at Tortuguero, Costa Rica, with notes on the 
ecology of the species in the Caribbean. BioI. Conserv. 34: 353. 
Crowder, L.B., Crouse, D.T., Heppell, S.S. Martin, T.H., 1994. Predicting the impact of 
turtle excluder devices on loggerhead sea turtle populations. EcoI. AppI., 4: 437-445. 
Campbell, L.M., 2003. Contemporary culture, use, and conservation of sea turtles. 
Biology and Conservation of Sea turtles Volume 2. Peter, L.L., John, A.M., Jeanette, 
W., Ed., Smithsonian Institute Press, Washington, D.C., pp. 307-339. 
De Sliva, G. S. (1969) Turtle Conservation in Sabah. Sabah Society Journal. 5(1): 6-26. 
Davis et al. (2001) Three-dimensional movements and swimming activity of a northern 
elephant seal. Comp Biochem Physiol A. 129.759-770 
Eckert, S. A., Eckert, K. L., Ponganis, P., Kooyman, G. L. (1989) Diving and foraging 
behavior of leatherback sea turtles (Dermochelys Coriacea). Can J Zool. 67. 
2834-2840. 
Gist, D. H. and Congdon, J. D. (1998) Oviductal sperm storage as a reproductive tactic 
of turtles. J. Exp. Zool. 282: 526-534. 
Hackel, D.J., 1998. Community conservation and the future of Africa's wildlife. 
Conserv. BioI., 13, (4), 726-734. 
Hamann, M., Jessop, T. S., Limpus, C. J., Whitter L. M. (2002) Interactions among 
endocrinology, seasonal reproductive cycles and the nesting biology of the female 
green sea turtles. Mar. BioI. 140: 823-830. 
Hamann, M., Limpus, C. J., Owens, D. W. (2003) Reproductive cycles of males and 
females. In: Lutz, P. L., Musick, J. A., Wyneken, J (ed) The biology of sea turtles 
45 
volume' . CRC press, Boca Raton, FL, pp 135-162. 
Hatase, H., Matsuzawa, Y., Sakamoto, W., Omuta, K., Arai, A., Fujiwara, T., 2002. 
Size-related differences in feeding habitat use of adult female loggerhead turtles 
Caretta caretta around Japan determined by stable isotope analysis and satellite 
telemetry. J.Mar Ecol Prog Ser., 233, 273-281. 
Hays, G.C., Adams, C.R., Broderick, A.C., Godley, B.J., Lucas, D.J., Metcalfe. J.D., 
Prior, A.A., 2000. The diving behavior of green turtles at Ascencion Island. Anim 
Behav., 59, 1-10. 
Hays, G. C., Akesson, S., Godley, B. J., Luschi, P., Santidrian, P. (2001) The 
implications of locations accuracy for the interpretation of satellite-tracking data. 
Anim Behav. 61. 1034-1040 
Hays, G.C., Akesson, A., Broderick, A.C., Glen, F., Godley, B.J., Luschi, P., Martin, C., 
Metcalfe, J.D., Papi, F., 2001. The diving behavior of green turtles undertaking 
oceanic migration Ascetion Island: dive durations, dive profiles and depth distribution. 
J. Exp. BioI., 204, 4093-4098. 
Hays, G.C., Broderick, A.C., Glen, F., Godley, B.J., Houghton, J.D.R., Metcalfe, J.D. 
2002., Water temperature and inter-nesting intervals for loggerhead (Caretta caretta) 
and green (Chelonia mydas) sea turtles. J. Ther. BioI., 27, 429-432. 
Hays, G. C., Broderick, A. C., Godley, B. J., Lovell, P., Martin, C., McConnell, B. J., 
Richardson, S. (2002) Biphasallong distance migration in green turtles. Anim. Behav. 
64: 895-898. 
Hays, G. C., Godley, B. J., Broderick, A. C. (1999) Long-term thermal conditions on the 
nesting beach of green turtles on Ascension Island. Mar. Ecol. Pro. Sere 185: 297-299. 
Higashimura, R, 2000. Study on regional fishery management agencies. Ph.D. thesis, 
Hokkaido University, Hokkaido, Japan. 
Hirth, H. F. (1980) Some aspect of the nesting behavior and reproductive biology of sea 
turtles. Am. Zool. 20: 507-523. 
Jessop, T. S., FitzSimmons N. N., Limpus, C. J., Whittier J. M. (1999) Interaction 
between behavior and plazma steroids within the scramble mating system of the 
promiscuous green turtle, Chelonia mydas. Horm. Behav. 36.: 86-97. 
Jessop, T. S., Hamann, M., Read, M. A., Limpus, C. J. (2000) Evidence for a Hormonal 
tactic maximizing green turtles reproduction in response to a pervasive ecological 
stressor. Gen. Compo Endo. 118: 407-417. 
Kongkiat, K., Chantrapomsyl, S., Sakamoto, W., Arai, N., 2001. Feeding and 
inter-nesting grounds of the green turtle nesting population at Similan Islands, 




Kongkiat, K., 2002. Protective areas for inter-nesting green turtle (Chelonia mydas) 
populations in Thailand. 3rd SEASTAR2000 workshop abstract. 35 pp 
Limpus, C. J., Fleay, A., Guinea, M. (1984) The flatback turtle, Chelonia depressa, in 
Queesland: reproductive periodicity, philopartry and recruitment, Aust. Wildl. Res. 11: 
579 
Limpus, C. J., Miller, J. D., Parmenter, C. J., Reimer, D., McLachlan, N., Webb, R. 
(1992) Migration of green (Chelonia mydas) and loggerhead (Caretta caretta) turtles 
to and from eastern Australian rookeries. Wildl. Res. 19: 347-358 
Limpus, C. J. (1993) The green turtle, Chelonia mydas, in Queensland: breeding males 
in the southern Great Barrier Reef, Wildl. Res. 20,513-523. 
Miller J. D. (1997) Reproduction in Sea turtles. In: Lutz, P. L., Musick, J. A. (ed) 
The biology of sea turtles. CRC press, Boca Raton, FL, pp 51-82. 
Minamikawa, S., Naito, Y., Sato, Y., Matsuzawa, Y., Bando, T., Sakamoto, W. (2000) 
Maintain of neutral buoyancy by depth selection in the loggerhead turtle Caretta 
caretta. J Exp BioI. 203. 2967-2985. 
Mitani, Y., Sato, K., Ito, S., Cameron, M. E, Siniff, B., Naito, Y. (2003) A method for 
reconstructing three-dimentional dive profiles of marine mammals using geomagnetic 
intensity data: results from two lactating Weddel seals. Polar BioI. 26. 311-317 
Monanunsapl, S., Charuchinda, M., Tatsukawa, K., Matsuda. H., 2002. Movement 
ability of cultured hawksbill turtle in the open sea determined by satellite. 
Proceedings of the 2nd SEASTAR2000 workshop. 11-14. 
Okuyama, J., Boonhai, K., Boonmee, P., Mananunsap, S., Charuchinda, M., Arai, N., 
2002. Development on sea turtle ecotourism in Mannai island. 3rd SEASTAR2000 
workshop abstract, 38 pp. 
Owens, D. W. (1980) The comparative reproductive physiology of sea turtles. Am. 
Zool. 20, 549. 
Owens, D. W. and Morris, Y. A. (1985) The comparative endocrinology of sea 
turtles, Copeia. 723, 1985. 
Sato, K., Bando, T., Matsuzawa, Y., Tanaka, H., Sakamoto, W., Minamikawa, S., Goto, 
K. (1997) Decline of the loggerhead turtle, Caretta caretta, nesting on Senri beach in 
Minabe, Wakayama, Japan. Chel. Consev. BioI. 2(4): 600-603. 
Sever, D. M. and Hamlett W. J. (2002) Female sperm storage in reptiles. J. Exp. Zool. 
292: 187-199. 
Solomon, S. E., Baird, T. (1979) Aspects of the biology of Chelonia mydas L., 
Oceanogr., Mar. BioI. 17: 347. 
47 
Spotila, 1. R., O'Conner, M. P., Paladino, F. V. (1997) Thermal biology. In: Lutz, P. 
L., Musick, 1. A. (ed) The biology of sea turtles. CRC press, Boca Raton, FL, pp 
297-314. 
Sato, K., Matsuzawa, Y., Tanaka, H., Bando, T., Minamikawa, S., Sakamoto, W., Naito, 
Y., 1998. Inter-nesting intervals for loggerhead turtles, Caretta caretta, and green 
turtles, Chelonia mydas, are affected by temperature. Can. 1. Zool., 76, 1651-1662. 
Sato, K., Mitani, Y., Cameron, M. F., Siniff, D. B., Naito, Y. (2003). Factors affecting 
stroking patterns and body angle in diving Weddell seals under natural conditions. J 
Exp BioI. 206. 000-000. 
Shiba, N., Arai, N., Sakamoto, W., Tubtimsang, W., Caruchinda, M., 2002. The 
relationship between shrimp trawl fishing grounds and adult female green turtles in 
the Gulf of Thailand. Proceedings of the 2nd SEASTAR2000 workshop. 5-10. 
Siedel, W.R. and C. Mcvea, Jr., 1982. Development of a sea turtle excluder shrimp trawl 
for the southeast U.S. penaeid shrimp fishery. Biology and Conservation of Sea 
turtles. Bjorndal, K.A., Ed., Smithsonian Institute Press, Washington, D.C., pp. 
497-502. 
Yoshida, M., Sakamoto, W., Arai, N., Matsuda, H., 2002. Analysis of the behavior of sea 
turtles by using data loggers. Proceedings of the 2nd SEASTAR2000 workshop. 
25-32. 
Winai, K., 2002. Nesting behavior of green turtles (Chelonia mydas) at Similan islands. 
3rd SEASTAR2000 workshop abstract, 36 pp. 
Wood, J. R. and Wood F. E. (1980) Reproductive biology of captive green turtles 
Chelonia mydas.Am. Zool. 20: 499-503. 
Tanaka, H., Takagi, Y., Naito, Y. (2001). Swimming speeds and buoyancy compensation 
of migrating adult chum salmon Oncorhynchus keta revealed by 
speed/depth/acceleration data logger. J Exp BioI. 204. 3895-3904. 
Yoda, K., Naito, Y., Sato, K., Takahashi, A., Nishikawa, J., Ropert-Coudert, Y., Kurita, 
M., Maho, Le. Y. (2001). A new technique for monitoring the behavior of free-raging 

















RAt/TOCKI RCI "*~'_+-'-I---J 
RAS/AN4/SS RC~ 
_ RC3/SCK/SCL Hk-~r-----l--I-+-.J 









OSCl/CLKIN I-'!'I~¥-'! 1-1 +-1 -I---+--~ 
NC 
NC 















A omp,ete 3-axis magneto with analog output in a pin hybrid DIP packag 
Uses Honeywell's caniCITIlIO' 
HMC1001 and HMC1 
measure x, y and z 
Patented integral field 
Small Cost Effective Package DIP-20 footprint (1 in. x .75 in.) allows easy insertion into system-level boards, 
reducing development costs~ 
Solid -State All components are solid state, improving reliability and ruggedness compared to 
mechanical fluxgates. 
Wide Dynamic Range Accurately measures fields from 40 micro-gauss to ±2 gauss at 1V/gauss. Low 
noise instrumentation amplifiers with 1 kHz low pass filters, reject unwanted 
noise. There are no flux concentrators used in this design that can lead to 
hysteresis and non-repeatablilty. 
Internal Reference An externally accessible +2.5V reference improves measurement accuracy and 
stability. An on-board excitation current source reduces temperature errors and 
regulates the power supply input. 
Offset and SetIReset Straps Magnetic field offsets or closed Joop circuits can be applied using the built-in straps. 
Output signal accuracy may be enhanced by using the integral set/reset straps. 
Non-Magnetic Material All components are especially selected and packaged in nonmagnetic material to 
reduce magnetic distortion and offsets. 
HMC2003 
SPECIFICATIONS 
Characteristic Conditions (1) Min 
Supply Voltage (3) 6 
Supply Current 
Field Range -2 




Field Sensitivity 0.98 
Null Field Output 2.3 
Linearity Error ±1 gauss Applied Field Sweep 
Linearity Error ±2 gauss Applied Field Sweep 
Hysteresis Error 3 sweeps across 
±2 gauss 
Repeatability Error 3 sweeps across 
±2 gauss 
Offset Strap Resista.nce 
Offset Strap Sensitivity 46.5 
Offset Strap Current 
Set/Reset Strap Resistance 
Field Sensitivity Tempco 
Null" Field Tempeo Set/Reset not used 
Null Field Tempco Set/Reset used 
Storage Temperature -55 
Operating Temperature -40 
Shock 
Vibration 
Power Supply Effect (shifts in Null Power Supply varied from 


















Max Units (2) 
15 VDC 























(1). Unless otherwise stated, test conditions are as follows: power supply = + 12VDC, ambient temp = 25°C, 
Set/Reset switching is active. 
(2). Units: 1 gauss (G) = 1 Oersted (in air), 1 G = 79.58 Aim, 1 G = 1 OE-4 Tesla, 1 G = 10E5 gamma. 
(3). Transient protection circuitry should be added across V+ and Gnd if an unregulated power supply is used. 
Honeywell reserves the right to make changes to any products or technology herein to improve reliability, function or design. Honeywell does not assume any liabiUty 
arising out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others. 
Solid State Electronics Center 
12001 State Highway 55 
Plymouth, MN 55441 
1-800-323-8295 
E-Mail: clr@mn14.ssec.honeywell.com • http://www.ssec.honeywell.com 
900151 Rev. C 10-97 
Honeywell 
Helping You Control Your World 
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